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FOREWORD 


The  work  described  in  this  report  was  performed  by  the  Naval  Weapons 
Center  during  August  1981,  and  was  authorized  and  funded  by  the  Naval 
Civil  Engineering  Laboratory,  Port  Hueneme,  California,  under  Project 
No.  Z0829-01-520A. 

This  report  presents  Interim  findings  on  the  geothermal  exploration 
of  the  Marine  Corps  Mountain  Warfare  Training  Center,  Pickel  Meadow, 
California,  and  the  surrounding  area. 

The  report  has  been  reviewed  for  technical  accuracy  by  C.F.  Austin 
and  J.  A.  Whelan. 


C.  F.  Austin,  Head 
Geothermal  Utilization  Division 
Public  Works  Department 
13  May  1983 


NWC  TM  4898,  published  by  Code  341,  150  copies. 


/ 


NWC  TM  4898 

CONTENTS 


Introduction  .  3 

Climate  and  Vegetation  .  3 

Ceology  of  Area .  4 

Background  .  4 

Pre-Tertiary  Ceologv  .  4 

Tertiarv  Ceologv  .  5 

Quaternary  Geology  .  C 

Structure  .  6 

VJater  Geochemistry .  7 

Chemical  Geothermometry  .  8 

\ 

Soil  Geochemistry . 12 

Thermal  Gradient  Drilling  .  12 

Thermal  Data . 13 

Gravity  and  Aeromagnet ics  .  14 

Conclusions  and  Recommendations  .  15 

Bibliography  .  33 

Figures: 

1.  Location  Map  of  MlTl’C,  Pickel  Meadow . 16 

2.  Generalized  Geologic  Map . 18 

3.  Geologic  Map  of  the  I.ittle  Walker  Volcanic  Center  ...  22 

4.  Quaternary  Structure  Map . 25 

5.  Piper  Diagrams . 26 

6.  Water  Sample  Locations  -  Colevllle  Area  .  27 

7.  Water  Sample  Locations  -  Pickel  Meadow  Area  .  28 

8.  Enthalpy-Chloride  Diagram,  Pickel  Meadow  .  29 

9.  Silica-Mixing  Model  .  30 

10.  Getty  Oil  Thermal  Gradient  Holes,  Antelope  Valley  ...  31 

11.  Getty  Oil  Thermal  Gradient  Holes,  Kales  Hot  Springs  .  .  32 


Tab le  s : 


1.  Water  Sample  Identification  .  7 

2.  Water  Analyses  of  Spring,  Well,  and  River  Waters  ...  9 

3.  Chemical  Geothermometers  .  11 

4.  Getty  Oil  Thermal  Gradient  Holes  .  13 

5.  Thermal  Wells  and  Thermal  Springs  .  14 


1 


NWC  TM  4898 


INTRODUCTION 


The  Geothermal  Utilization  Division  at  tlie  Naval  Weapons  Center  (NWC) 
was  tasked  to  perform  a  geothermal  exploration  program  at  the  Marine  Corps 
Mountain  Warfare  Training  Center  (MWTC)  at  Pickel  Meadow  (near  Bridgeport), 
California.  The  program  was  implemented  to  determine  which  of  MWTC's  lands, 
if  any,  contained  adequate  geothermal  resources  to  develop  energy  self- 
sufficiency  for  the  central  facilities  located  at  MWTC. 

The  Marine  Corps  Mountain  Warfare  Training  Center,  Pickel  Meadow, 
Bridgeport,  California,  was  investigated  in  two  sections;  (1)  the  main 
encampment  area  at  Pickel  Meadow  (see  Figure  1;  all  figures  are  located 
at  the  end  of  the  report),  and  (2)  the  proposed  family  housing  areas  in 
Antelope  Valley.  Both  areas  appear  to  liave  a  high  potential  for  space  heat¬ 
ing  and  possibly  even  electrical  power  generation,  since  throughout  these 
areas  warm  wells,  hot  springs,  and  warm  springs  occur. 

The  Pickel  Meadow  area  is  U.S.  Forest  Service  land.  The  Marine  Corps 
has  a  long-term  use  permit  for  these  lands.  At  the  time  of  this  writing, 
no  military  fee-acquired  lands  existed  in  this  area.  Antelope  Valley  con¬ 
sists  mainly  of  privately  owned  land,  some  Forest  Service  land,  and  Bureau 
of  Land  Management  (BLM)-administered  lands.  The  Naval  Facilities  Engineer¬ 
ing  Command  (NAVFAC)  is  conducting  a  study  to  determine  which  lands  are 
economically  feasible  for  the  proposed  family  housing  units.  The  area 
that  will  be  used  for  the  housing  will  probably  be  fee-acquired. 

MWTC  lies  on  the  lower  eastern  slopes  of  the  Sierra  Nevada  in  north¬ 
western  Mono  County.  The  Sweetwater  Mountains  are  to  the  east.  The  main 
encampment  of  MWTC  is  on  the  nortliern  side  of  Pickel  Meadow.  Major  drain¬ 
age  through  the  entire  area  is  by  the  West  Walker  River.  Bridgeport  lies 
about  17  miles  (27.4  km)  to  the  southeast  and  Antelope  Valley  is  about 
15  miles  (24  km)  to  the  north.  U.S.  Highway  395  is  the  major  highway 
through  the  region  running  in  a  north-south  direction.  State  Highway  108 
(Sonora  Pass)  passes  east-west.  The  main  encampment  is  located  4  miles 
(6.4  km)  west  along  Higliway  108  from  the  intersection  of  these  two  highways. 


CLIMATE  AND  VEGETATION 


The  elevation  varies  considerably  from  5,000  feet  (1,525  m)  in  Antelopi 
Valley  to  peaks  that  are  over  10,000  feet  (1,048  m)  above  sea  level.  fhe 
climate  is  largely  a  function  of  elevation.  At  the  higher  elevations, 
precipitation  is  about  40  inches  (101.6  cm)  per  vear.  Temperatures  are 
cliaracterlzed  by  one  montlily  average  between  50^F  (10°C)  to  64.6‘’F  (18‘C) 
and  at  least  4  months  witl)  average  temperatures  of  less  than  33,8‘’F  (1°C) 
(Slemmons,  1953).  The  lower  altitudes  are  semi-arid.  Tiie  Bridgeport 
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aroa  (6,470  feet,  1,972  m)  receives  8  inches  (20.3  cm)  of  precipitation 
annuallv  (Martin  et  al . ,  1980).  Precipitation  at  all  elevations  is  mostly 
bv  snowfall;  however,  frequent  tiuindershowers  do  occur  during  the  summer 
months . 

Vegetation  ranges  from  sagebrusli  types  in  the  lower  elevations  to 
Juniper,  Pinon,  Jeffrev,  and  hodgepole  pine  and  Douglas  Fir  in  the  higher 
e 1 evat ions . 


GEOLOGY  OF  AREA 


BACKGROUND 

A  generalized  geological  map  of  the  area  is  shown  as  Figure  2. 

Halsey  (1953)  has  mapped  parts  of  the  Fales  Hot  Springs  and  the 
Desert  Creek.  Peak  quadrangles.  The  Dardanelles  Cone  and  Sonora  Pass  quad¬ 
rangles  were  mapped  by  Slemmons  (1953).  Curtis  (1951)  mapped  the  Topaz 
Lake  and  the  eastern  half  of  the  Ebbetts  Pass  quadrangles.  Priest  (1979) 
has  studied  the  volcanic  rocks  of  the  Sonora  Pass  and  the  Fales  Hot  Springs 
quadrangles  in  detail.  Priest's  (1979)  geologic  map  is  shown  as  Figure  3. 
He  notes  that  the  lavas  are  hlglily  potassic,  latitic  lavas  and  tuffs  from 
8.6  to  10.0  million  years  old.  He  states  that  "a  great  deal  of  evidence 
supports  tlie  formation  of  volcano-tectonic  depression..."  Fales  Hot  Spring 
the  main  encampment  of  MWTC,  and  the  T.eavitt  Lake  Road  Spring  are  all  on 
the  nortliorn  edge  of  ttie  collapse  caldera.  As  will  be  detailed  in  a  later 
section  on  hydrology  and  geochemical  geothermometry ,  it  is  highly  probable 
that  the  water  of  f.eavitt  Lake  Road  Spring  contains  a  geothermal  component. 
Austin  et  al  (1971)  note  that  most  of  the  major  geothermal  areas  of  the 
wi'rld  are  associated  witli  this  type  of  structural  pattern. 

The  proposed  liousing  areas  are  located  in  Antelope  Valley  in  Recent 
alluvium  off  Highway  395  to  the  north  of  MWTC.  The  Antelope  Valiev  is  a 
grahen  bounded  bv  nortli-south  faults.  The  mountains  to  the  west  contain 
Mesozoic  granitic  rocks  and  pre-Cretaceous  metamorphosed  sedimentary  rocks, 
wiiile  across  the  vallev  are  Mesozoic  granitic  and  Cretaceous  rocks.  Warm 
wells  occur  at  the  town  of  Walker  (Antelope  Valley),  which  probablv  indi¬ 
cates  that  tiot  water  is  rising  along  the  grahen  boundary  faults.  The 
following  discussion  of  the  geology  lias  been  abstracted  from  Halsev  (1953). 


PKE-TERTIARY  GEOi.OCiY 


The  lower  Jurassic  sediments  of  Leavitt  Meadow  contain 
pebbles  and  boulders.  These  particles  are  considered  to  be 
rocks  in  the  country  north  of  Mono  I.ake.  In  the  Sweetwater 
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vicinity,  remnants  of  metamorphosed  pre-Nevadan  (Jura-Trias)  rocks  occur 
as  discontinuous  outcrops  separated  by  Nevadan  intrusive  rocks  or  by 
Tertiary  volcanic  cover.  These  metamorphosed  rocks,  which  were  part  of 
the  early  Mesozoic  geosyncline,  have  been  extensively  folded  and/or  altered. 
During  the  upper  Mesozoic,  the  folded  pre-Nevadan  rocks  were  Intruded  bv 
a  series  of  plutons.  The  early  plutons  were  small  bodies  of  quartz-gabbro 
and  quartz-diorite .  They  were  followed  by  the  predominant  early  Nevadan 
intrusives  that  were  granodiorlte  or  a  basic  quartz  monzonite.  More  basic 
and  acidic  bodies  are  present  but  they  are  uncommon.  After  these  early 
plutons  cooled,  they  were  intruded  by  large  plutons  of  granodiorlte  to 
quartz-monzonite .  These  rocks  are  exposed  extensively  west  of  the  West 
Walker  River. 


TERTIARY  GEOLOGY 

The  oldest  Tertiary  volcanic  rocks  are  exposed  as  several  small  flow 
remnants  of  welded  rliyolite  tuff  between  the  West  Walker  River  and  Mill 
Creek  and  also  between  Mill  Creek  and  Lost  Cannon  Creek.  These  volcanic 
rocks  are  of  upper  Eocene  age.  Propylltized  andesites  are  exposed  along 
the  Mt.  Emma  ridge.  The  Mt .  Emma  andesites  cover  an  area  of  about  30  square 
miles  and  are  bounded  by  Leavitt  Meadow,  Plckel  Meadow,  Sonora  Junction 
Valley,  and  Burt  Canyon.  In  this  area,  the  andesitic  series  are  from 
1,000  to  2,500  feet  thick.  Miocene  sediments  crop  out  along  the  north¬ 
eastern  side  of  Antelope  Valley.  These  sediments  were  deposited  during 
the  erosional  interval  between  Oligocene  volcanism  and  late  Miocene 
volcanism.  The  Mio-Pliocene  andesitic  rocks  of  the  Walker  River  drain¬ 
age  basin  are  the  most  extensive  of  all  the  Tertiary  volcanic  rocks.  The 
Mlo-Pliocene  andesitic  rocks  are  derived  mainly  from  the  Lost  Cannon  Peak 
Intrusive  center.  This  center  covers  an  area  of  about  8  square  miles 
north  of  Plckel  Meadow  and  east  of  Lost  Cannon  Peak.  The  andesites  are 
at  least  2,500  feet  thick.  They  consist  of  autobrecciated  flows,  sills, 
intrusions,  several  dozen  laliars,  and  several  horizons  of  andesitic  sedi¬ 
ments.  These  sediments  are  well  exposed  on  the  scarp  sides  of  two  large 
tilted  fault  blocks  north  of  Pickel  Meadow.  A  latltic  series  of  flows  and 
tuffs  overlies  the  Mio-Pliocene  andesites  (Mehrten  Formation).  This  series 
is  further  divided  into  the  Table  Mountain  Member,  the  Welded  Tuff  Member, 
the  Pumice  Tuff-Breccia  Member,  and  the  Alkaline  Basalt  Member.  The  middle 
Pliocene  latite  series  extends  across  the  entire  width  of  the  Sierra  Nevada 
into  the  western  Great  Basin.  East  of  Sonora  Pass,  the  Table  Mountain 
iatltes  reach  a  maximum  thickness  of  100  feet,  and  are  exposed  to  a  thick¬ 
ness  of  approximately  400  feet  just  east  of  Lost  Cannon  Peak.  About  250 
feet  of  Iatltes  representing  at  least  four  flows  are  exposed  along  the 
West  Walker  Rl^er  east  of  Lost  Cannon  Peak.  Welded  tuffs  are  exposed  in 
the  Fales  Hot  Springs  area  and  in  the  Lost  Cannon  Peak  area.  The  Pumice 
Tuff-Breccia  Member  is  represented  by  only  a  few  scattered  outcrops. 

Present  exposures  are  approximately  50  feet  thick.  They  outcrop  along  the 
east  wall  of  the  West  Walker  River  Canyon.  The  Alkaline  Basalt  Member  is 
exposed  as  a  small  remnant  between  Lost  Cannon  Creek  and  Little  Antelope 
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Valley.  It  also  outcrops  on  the  west  bank  of  Mill  Creek.  Mid-Pliocene 
intermediate  and  acid  rocks  occur  as  intrusions  and  stiort  flows.  I'helr 
composition  ranges  from  liornhlende  acid  andesites  to  rhyolites.  Several 
of  tliese  Intrusions  are  exposed  south  of  Antelope  Valley  between  the 
Leavitt  Meadow-Sl inkards  V'alley  fault.  Most  of  the  intrusions  are  ex¬ 
posed  in  the  Mio-Pl iocenc  volcanic  terrane  north  of  Leavitt  Meadow.  Ex¬ 
posures  of  late  Pliocene  olivine  basalts  occur  as  small  domes,  intrusions, 
and  flow  remnants.  Tlie  largest  number  of  exposures  are  in  the  subsummit 
area  of  the  Sweetwater  Range.  The  flow  remnants  range  in  thickness  from 
about  50  to  150  feet. 


QUATERNARY  GEOLOGY 

Basaltic  andesite  is  exposed  within  2  miles  of  Volcanic  Butte,  Vol¬ 
canic  Butte  is  a  conical  plug  or  dome  lying  3  miles  south  of  Fales  Hot 
Springs.  The  andesite  is  about  400  feet  thick  at  Volcanic  Butte.  A  few 
short  flows  have  thicknesses  up  to  200  feet.  The  andesite  is  between 
early  and  mld-Pl elstocene  in  age.  It  is  probably  younger  than  the  Sherwln 
glacial  stage, 

Pickel  Meadow  and  Sonora  Junction  Valley  lie  in  Recent  alluvium 
surrounded  by  Pleistocene  glacial  deposits.  Leavitt  Meadow  lies  in 
Recent  alluvium. 

STRUCTURE 

A  generalized  quaternary  structural  map  of  the  area  between  Antelope 
Valley  and  south  of  Mt .  Emma  is  shown  as  Figure  4, 

The  present  western  border  of  the  Great  Basin  proper  is  the  Leavitt 
Meadow-Sl inkards  Valiev  fault.  The  complex  fault-block  structure  of  the 
Basin  and  Range  is  present  east  of  this  fault.  I’he  structural  and  physio¬ 
graphic  trends  of  the  Sierra  Nevada  are  predominant  west  of  the  fault. 

Pleistocene  faulting,  east  of  the  Sierra  Nevada  crest,  is  the  maior 
process  responsible  for  the  present  physiographic  character.  These  struc¬ 
tural  units  have  been  only  slightly  modified  by  canyon  cutting.  Pleistocene 
glaciation,  and  valley  sedimentation. 

A  narrow  zone  of  untilted  blocks  is  located  between  the  Leavitt 
Meadow-Sl i nkards  V'allev  fault  block  zone  (1  to  3  miles  wide)  and  the 
Sweetwater  Range.  Ttu'  zone  extends  from  the  south  end  of  Antelope  Valiev 
to  just  st)uth  of  Mt .  Emm.a.  From  Antelope  Valiev,  the  blocks  rise  steplike 
in  elevation  from  6,500  feet  to  11,000  feet  on  Hanging  Valley  Ridge  south 
of  Mt ,  Emma. 

Sonora  Junction  V.illcv  is  a  graben  of  many  blocks  partly  concealed 
bv  glacial  moraines  and  outwash  sediments.  The  West  Walker  River  scarp 
(2,500  to  3,00f)  feet)  bounds  it  on  the  west.  The  eastern  edge  is  defined 
bv  blocks  that  rise  onlv  a  few  luindred  feet. 
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;\ntelope  Valley  is  a  graben  bounded  on  the  west  by  the  West  Walker 
River-Antelope  Valley  fault  (500  to  2,000  feet  high)  and  on  the  east  by 
the  Wellington  Hills  fault. 

Leavitt  Meadow  and  Pickel  Meadow  are  typical  "U-shaped"  valleys. 

These  valleys  were  filled  by  the  glaciers  of  the  Tioga,  Tahoe,  and  Sherwin 
stages.  The  Sherwin  stage  glacier  was  the  largest  system  east  of  the 
Sierra  Nevada  crest.  This  glacier  covered  an  area  of  about  200  square 
miles  and  reached  thicknesses  up  to  2,500  feet. 

Pales  Hot  Springs  and  Huntoon  Valley  are  areas  that  have  large 
accumulations  of  outwash  gravels.  Old  till  remnants  of  probable  McGee 
age  are  found  north  of  Pales  Hot  Springs,  above  Volcanic  Butte,  and 
between  Mill  Creek  and  the  West  Walker  River. 


WATER  GEOCHEMISTRY 


Eleven  water  samples  were  collected  and  analyzed  (Table  1).  Nine 
of  these  were  in  the  Pales  Hot  Sprlngs-Pickel  Meadow  area;  two  were  in 
the  Colevllle  (Antelope  Valley)  area.  In  the  Pales  Hot  Springs-Pickel 
Meadow  area  one  of  the  waters  collected  was  a  surface  water;  the  remain¬ 
ing  samples  were  taken  from  springs. 


TABLE  1.  Water  Sample  Identification. 


- 1 

Sample 

no. 

Name /general  ^ 

location  i 

-  .-..i 

Water 

source 

Location 

(section,  township,  range) 

1 

1 

Summit  Meadows  1 

Spring 

Sec  36,  T7N,  R22E,  MDM? 

9 

Sonora  Bridge  i 

River 

Ser  17,  T6N,  R23P. 

3 

Pales  Hot  Springs 

Spring 

Sec  24,  T6N,  R23E 

4 

Unnamed 

Spring 

NE  1/4,  Sec  20,  T6N,  R23E 

5 

Unnamed 

Spring 

Sec  1,  T6N,  R23E 

b 

Northwest  of  Sardine 
Meadow 

Spring 

Sec  36,  T6N,  R21E 

7 

Near  Devil's  Gat«‘ 

Spring 

SW  1/4,  Ser  19,  T6N,  R24E 

8 

I'nnamt-d 

Spring 

Sec  11,  T6N,  R22E 

I ea V i t  t  lake  Road 

Spring 

Sec  7,  T5N,  R22E 

10 

West  Walk»T  River 
at  (  unn  i  nt'iian  Road 
hi  i  dxu' 

River 

Sec  36,  T9N,  R22E 

1  1 

(  (’  U' V  i  1  It  iur  a  1 

St  ore 

1 .  -  . 

We  1 1 

Sec  1,  T8N,  R22E 

Mount  Diablo  m*’riili.in. 
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Analyst's  are  ;;iven  in  Table  2.  Piper  diagrams  of  these  waters  are 
shown  as  Figure  5.  Sampling  points  are  shown  as  Figures  6  and  7.  Sample 
Nos.  2,  4,  5,  6,  and  8  group  tightly  on  the  Piper  diagrams  as  calcium- 
magnesium-bicarbonate  vxfaters.  The  similarity  of  tiie  spring  waters  to  the 
West  Walker  River  water  indicates  these  waters  represent  the  shallowest 
surface  aquifers,  where  short  transit  times  have  caused  little  change  due 
to  water- rock-soil  interaction.  This  is  also  indicated  by  the  general 
good  quality  of  tlie  water  and  low  total  dissolved  solids  (110  ppm  for 
tlie  West  Walker  River,  lib  to  201  ppm  for  the  springs). 

Fales  Hot  Springs  (No.  T) ,  the  cold  spring  (No.  7)  adjacent  to  Fales 
Hot  Springs,  and  Leavitt  Lake  Road  Spring  (No.  9)  form  an  interesting  trio. 
I'hese  are  high  sodlum-potasslum-blcarbonate  waters.  The  authors  group 
these  together.  To  look  at  the  relationship  between  these  waters  more 
closely,  we  considered  the  chlorlde-to-sulfate  ionic  ratios.  Tlie  ratios 
are  Fales:  cold  spring:  Leavitt  =  1 .42 :NA* : 1 . 47 .  The  relatively  high  sul¬ 
fate  content  could  indicate  steam  transport.  A  real  possibilitv  is  that 
vapors  are  heating  and  modifying  the  cold  waters  creating  Fales  Hot  Springs. 
I'he  Leavitt  Lake  Road  Spring  is  higher  in  calcium  and  bicarbonate  than  the 
Fales  Hot  Springs  water.  This  represents  shallow  Pickel  Meadow  waters 
also  modified  by  vapors  somewhere  in  the  hydrologic  system.  It  should  be 
noted  tiuit  wliile  sample  No.  7  has  low  dissolved  solids  (230  ppm),  Fales 
Hot  Springs  and  Leavitt  I.ake  Road  Spring  have  very  similar  dissolved 
solids  (2,288  and  2,399  ppm,  respectively). 

I'lie  third  group  of  waters  includes  the  West  Walker  River  near 
(kileville  (No.  10),  the  store  at  Coleville  (No.  11),  and  tlie  Summit  Meadow 
Spring  (No.  1).  The  Summit  Meadow  Spring  has  only  about  one-third  (69  ppm) 
the  dissolved  solids  of  tlie  West  Walker  River  (216  ppm)  or  the  Coleville 
store  (231  ppm) . 


CULM  I  CAL  ('. FOTHKRMOMETRY 

llie  various  geotlieriiiometers  are  given  in  Table  3.  The  results  group 
according  to  tlie  geochemical  interpretations  of  the  previous  section. 

Since  Fales  Hot  Springs,  sample  No.  7,  and  Leavitt  Lake  Road  Spring 
seem  to  be  related  to  a  geothermal  reservoir,  mixing  models  were  made 
mainlv  using  tliese  samples. 

Tlie  chloride  mixing  model  of  Fournier  (1979)  was  made  using  quartz 
steam-flashing  temperatures  to  obtain  enthalpies  (Figure  8).  Tliis  is  con¬ 
cordant  with  tlie  geochemical  model  of  the  previous  section.  Fsing  the 
Devil's  Cate  sample  (No.  7),  Leavitt  Lake  Road  Spring  (No.  9),  and  Fales 
Hot  Springs  (No.  3),  a  reservoir  temperature  of  180°C  is  obtained.  If  the 
sjiring  northwest  of  Sardine  Meadow  (No.  6)  is  used,  a  reservoir  temperature 
of  22n'’c  is  obtained. 

A 

Not  analyzed. 
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L’sinj;  tlu'  s  i  1  i  c.i-mi  xin^  modc-l  i)t  Triifsdel]  and  Fournier  (1977) 
(Fi;;urL‘  9),  with  steam  riashinv.  at  1()0''F,  one  tdjtains  a  ri-servoir  temper¬ 
ature  of  162''(1  bv  usinj;  the  Devil's  Cate  sample  (No.  7)  and  Fales  Hot 
Sprin>;s  (No.  3).  A  tem)ierature  of  29()°(!  is  obtained  when  the  sprinp 
northwest  of  Sardine  Meadow  (No.  h)  and  Leavitt  Lake  Road  Spring  (No.  9) 
are  used. 

Thus,  eliemical  geothermomi't  rv  indicates  .i  good  possihilitv  of  a 
resource  more  tlian  adequate  for  sp.aee  he;iting,  and  possibly  adequate  for 
power  g.eneration. 


SOIL  CF.OCHEMISTRY 


A  regional  soil  survev  was  conducted  during  the  initial  field 
reconnai ssance .  The  soil  samples  were  collected  and  analyzed  liv  NWC's 
Ceotliermal  Utilization  Division.  Samples  were  taken  everv  O.S  mile  along 
existing  accessible  roads.  The  samples  were  later  analvzed  for  mercurv 
content  in  parts  per  billion.  The  results  were  inconclusive  due  to  many 
problems,  which  included  a  very  wide  range  of  soil  types  and  inadequate 
grid  coverage  of  the  area.  The  area  was  not  covered  as  originallv  planned 
due  to  the  fact  that  mucli  of  the  forestry  lands  arc  classified  as  "wildernes.s 
areas,”  in  which  case  veliicle  access  is  not  permitted.  Available  field  time 
did  not  allow  for  the  walking  of  all  tiie  traverses. 


rilKRFUL  CRADILNT  DRILLING 


To  understand  the  hvdroliig,v  aiul  to  g.et  a  g,encral  view  on  tiie  gi'otlu'rmal 
potential,  tiiermal  g.radient  drilling,  is  lamsidered  liig.hlv  desirable.  A 
minimum  program  stiould  include  one  liole  .at  the  main  encampment  and  I'ne 
hole  at  eacli  of  the  propi'sed  housing  sites.  Since  shallow  anomalies  mav 
be  offset  from  the  resource  at  deptlis,  such  drilling  would  not  necessarily 
jirove  tlie  existence  c.f  or  defiiu.'  a  resource,  hut  the  data  could  be  used 
for  comparison  with  tlie  gr.idients  ol  the  Sierra  Nevada  (0.  13  to  1.38M/ 

100  feet;  O.b  to  d.^^C/lOO  m)  (S.iss  et  al,,  1971).  This  comparison  could 
give  .1  good  indic.'ition  if  anv  potential  exists. 

Of  special  luUt-  is  tlie  f.ict  th;it  Oettv  Oil,  in  a  Joint  venture  with 
Mono  I’ower,  has  drilled  Ih  thermal  g.radient  and  one  observation  (or 
St  r.it  i  g.raph  i  c)  hole  in  tlu-  .area  (Fable  4,  Fig.ures  10  and  11).  01  p.artic- 

ular  interest  ari’t  lioli'  ('2('-39,  a  gr.idient  hole  less  th.an  3  miles  from 
till’  eastirn  biumdarv  of  MlvTCi;  holi'  S(:l4-3,  ,an  obsi'i'vation  hole  (a  deep 
hole  ci’uld  furnish  s  i  g.n  i  f  i  c.in  t  d.at.a  on  s  t  ra  t  i  g,  raphy  /  1  i  t  ho  1  og.v  and  hvdrologv)  ; 
and  g.radii’nt  holi's  ('10-34,  (’12-4(1,  04- tS,  .md  07-47  which  surround  tlie 
proposed  housing  areas. 
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lABl.K  4.  i.ftt.  ('il  riiermnl  Gradient  Holes,  State  Highway  108, 
'  .S.  Hi'-iiw.iv  and  Antelope  Valley. 


[('c.ition  (section 
township,  range) 

Hole  no. 

Depth 

Sec  12,  r9N,  R22i;  W)M- 

C13-53 

Shallow 

Sec  19,  r9N,  K2 ii  MDM 

Cl 9- 54 

Shallow 

Sec  21 

C21-52 

Shallow 

Sec  32 

C32-46 

Shallow 

Sec  4,  T8N,  R23E  MDM 

C4-45 

Shallow 

Sec  7 

C7-47 

Shallow 

Sec  9 

C9-47 

Shallow 

Sec  20 

C20-44 

Shallow 

Sec  21 

C21-50 

Shallow 

Sec  22,  T7N,  R23  MDM 

C22-42 

Shallow 

Sec  1,  T6N,  R2  3F.  MDM 

Cl-41 

Shallow 

Sec  10 

ClO-40 

Shallow 

Sec  14 

SC14-5 

Intermediate 

Sec  20 

C20-39 

Shallow 

Sec  24 

C24-35 

Shallow 

Sec  27 

C27-36 

Shallow 

Sec  25,  T6N,  R24E  MDM 

C25-37 

Shallow 

'Mount  Diablo  meridian. 


THERMAL  DATA 


Table  5  lists  known  thermal  wells  and  thermal  springs  in  the  project 
area,  three  of  which,  MO-1,  MO-2,  and  MO-3,  are  located  in  Antelope  Valley. 
Definite  temperatures  are  not  available  because  thev  are  reported  only  as 
being  "warm."  However,  these  waters  are  probably  greater  than  80°F  (26.7°C) 
(Higgins,  1980).  Data  from  MO-4  and  MO-5  are  from  Pales  Hot  Springs  and 
ttie  Magma  Power  Co.  well,  respectively.  MO-5  has  a  geothermal  gradient 
of  14'’F/100  feet  (26°C/100  m) ,  which  is  well  above  the  average  thermal 
gradients  for  the  Sierra  Nevada  (0.33  to  KIS^F/IOO  feet,  0.6  to  2.5°C/ 

100  m)  or  the  Basin  Ranges  (1.65  to  2,75'’F/10G  feet,  3  to  5°C/100  m) . 

An  additional  note  is  that  wlien  the  water  samples  described  in  the 
previous  sections  were  collected,  tlie  measured  temperatures  were  all 
greater  than  the  mean  air  temperature  of  Bridgeport  (41.4°?,  5.2°C) 

(Hannah,  1975). 
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TAIil.K  5.  rinTmal  Wells  and  I'liermal  Sprinj>,s, 
1’icki‘l  Meadow  and  Antelope  Valles'.  ' 


Lat  i  tilde 

I.ong  i  tilde , 

Temperature, 

No. 

T  p  e 

DD.MMSS' 

DD.MMSS 

"C 

t)ther 

MO-1 

Spring 

38. 3736 

119.3015 

Wa  rm 

3  70  T.n.S.  ' 

.Mt)-2 

Well 

38.  il  30 

119.2830 

Wa  rm 

•  >  • 

MO-  i 

W’ell 

38.3200 

119.2800 

W  a  rm 

•  •  • 

MO- 4 

Spring 

38.2102 

119.2401 

82 

2400  T.D.S. 

MO- 5 

Well 

38.2100 

119.2400 

38 

126  m  deep 

From  Hlgpins  (1980). 


Degrees,  minutes,  seconds. 
Total  dissolved  ssilids. 


CRiWITY  AND  AKROMXGNKTICS 


Previous  gravity  surveys  were  conducted  on  a  regional  scale  (Oliver 
et  al.,  1971).  Compilation  of  these  data  and  unpublislied  data  was  com¬ 
pleted  by  Oliver  et  al.,  1980.  Aeromagnetic  surveys  were  flown  at  _ 
various  scales  by  tlie  U.8.  Oeological  Survey  (V’SOS)  (1971),  and  Zeitz 
et  al.,  1969.  I'lven  though  the  gravity  and  aeromagnet  ics  data  were  of 
a  regional  nature,  a  few  trends  can  be  noted  as  follows. 

The  area  <a)nta  in  in)'  Kales  Hot  Springs,  Pickel  Meadow,  and  Antelope 
Valley  lies  within  or  on  the  sides  of  a  large  nortln^7ard  elongated  regional 
cravitv  lc>w  (Oliver  et  al.,  1980),  which  correspond.s  somewhat  to  a  large 
regional  magnetic  low  (Zeitz  et  al.,  1969).  The  gravity  low  extends  south 
toward  Bishop  and  includes  the  collapse  calderas  of  Mono  hake,  long  Valiev, 
and  Round  V'allev,  in  adilition  to  the  Mono  Craters.  Does  this  represent  a 
rifting  structure  as  seen  in  the  Imperial  Valiev,  with  a  rising  of  the 
mantle  toward  the  surface?  llie  magnetic  signature  is  similar  to  the  gravity 
and  shows  the  largest  regional  low.s  over  the  Mono  Craters  and  the  Mono  Lake 
caldera.  The  map  (Zeitz  et  al . ,  1969)  does  not  extend  far  enough  south  to 
delineate  the  magnetic  signature  over  the  Long  Valiev  caldera. 

in  the  proji’ct  area,  tlie  aeromagne  t  i  cs  possible  delineate  the  I.ittlc 
Walker  Volcanic  ik'nler  (collapse  caldera)  of  Priest  (1979)  near  MWTC. 
ibis  is  not  seen  clearlv  bv  gravity  data  because  of  post-col  lapse  fault¬ 
ing  that  migjit  obscure  this  feature.  However,  to  the  north  of  the  caldera 
the  )',ravitv  lietairu's  lower,  while  there  is  a  slig.ht  rise  and  then  a  drcip  in 
the  magjietics.  fh  i  s  would  set-m  t('  indicate  possible  ileep-seated  heat  in 
the  area  of  Antelope  Valiev.  Mori'  di'lailed  gravity  and  m;ignetic  surveys 
are  needed  to  delineate  the  struct  un-. 
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CONCI.USIONS  AND  RECOMMENDATIONS 


TTie  geology,  water  geochemistry,  and  chemical  geothermomet ry  indicate 
a  high  probability  of  a  geothermal  resource  at  MWTC,  with  high  enough 
temperatures  for  space  heating  and  a  good  probability  of  a  resource  with 
adequate  temperatures  for  power  production. 

On  the  central-eastern  frontal  area  of  the  Sierra  Nevada,  many  volcanic 
centers  and  collapse  calderas  are  known  to  exist.  Thermal  wells  and  springs 
occur  throughout  the  project  area.  The  previous  geophysical  surveys  show 
that  there  might  be  an  association  between  these  features. 

Recommended  future  work  is  as  follows: 

1.  Obtain  tltermal  data,  if  possible,  from  private  industry. 

2.  Conduct  gravity,  land  magnetic,  and  aeromagnetic  surveys  of  the 
project  areas  to  delineate  subsurface  structural  features  of  interest  as 
drilling  targets  for  the  production  of  water  suitable  for  space  heating. 

3.  Perform  a  deep  electrical-resistivity  survey  to  define  conductive 
zones  in  the  Pales  Hot  Springs  area  to  determine  if  these  zones  persist 
beneath  MWTC  to  the  side  and  extend  north  to  the  proposed  Antelope  Valley 
housing  annex. 

4.  Drill  thermal  gradient  holes  at  the  main  encampment  of  MWTC. 

5.  Drill  exploratory  wells  at  both  MW1C  and  at  the  selected  family 
housing  site  in  the  Antelope  Valley. 


note;  : 


I’ages  17,  20,  21,  and  24  were  intentionally  left  blank. 
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FIOURE  2.  Geological  Map  of  Pickel  Meadow,  Colevllle,  Bridgeport  and 
the  Surrounding  Areas,  California  (Adapted  From  Koenig  (1963)). 
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2  -  LEAVITT  MEADOW-SLINKARDS  VALLEY  FAULT 

3  -  PICKEL  meadow  MILL  CREEK  FAULT 

4  -  WELLINGTON  HILLS  FAULT 

5  -  BRIDGEPORT-WELLINGTON  FAULT 

6  -  BOULDER  HILL  MINE  FAULT 


A  -  TOPAZ  lake  15-minute  QUADRANGLE 
B  -  DESERT  CREEK  PEAK  15-MINUTE  QUADRANGLE 
C  -  SONORA  PASS  15-MINUTE  QUADRANGLE 
D  -  FALES  HOT  SPRINGS  15-MINUTE  QUADRANGLE 

FIGURE  4.  Quaternary  Structure  Map  (adapted 
from  Halsey,  1953). 
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A  Water  Sample  Points 


#  Location  of  Warm  Wells  or  Warm  Springs 

FIGURE  6.  Water  Sample  I.ocatlons-  Coleville  Area 
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DISSOLVED  SILICA,  IN  MILLIGRAMS  PER  KILOGRAM 
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